Aim. Development of ef¿ cient fertilization of red clover seed sowings with mineral, lime and microfertilizers in order to optimize plant nutrition during their vegetation period to obtain stable seed yields with high sowing and yield qualities. Methods. ¿ eld, visual, measuring, weight, quantitative, method of a test sheaf, laboratory, mathematical-statistical. Results. The paper presents the results of optimizing the nutrition of red clover seed sowings on the basis of the rational application of quick-acting lime (Ca(OH) 2 -0.5 of the rate by hydrolytic acidity, mineral (N 30 P 60 K 60 ) and water-soluble fertilizers, which ensured seed yield increase 1.8-2.0 times at the level of 0.35-0.40 t/ha. Conclusions. The most effective combination of the basic fertilization with mineral fertilizers (N 30 P 60 K 60 ) and lime fertilizers (ɋɚ(Ɉɇ) 2 ) at the rate of 0.5 by hydrolytic acidity applied under the cover crop using water-soluble fertilizer (plantafol -1.0 kg/ha) and boric fertilizers (H 3 BO 4 -0.8 kg/ha) at the shooting stage of the second cut of red clover and molybdenum fertilizers ((CNH 4 ) 2 MoO 4 -0.3 kg/ha) in spring at the beginning of its regrowth.
INTRODUCTION
The intensi¿ cation of ¿ eld and meadow feed production envisages the use of perennial grasses, which ensure high yield of green mass and high-quality hay. These requirements are met by red clover, which, along with alfalfa, is the most common forage crop, solving the problems of producing vegetative protein and increasing the fertility of soils. Here red clover is one of the most reliable and high-yield crops, especially by the amount of obtained forage protein [1, 2, 3, 4] .
In the Forest-Steppe of Ukraine red clover takes about 50 %, and in Polissia -15-20 % of the area of legume grass sowings. While growing the latter for seeds, a considerable amount of nutrients is removed from soil: at the yield of seeds of 0.35 t/ha and straw 4.5 t/ha, the total removal of nitrogen (N) is 60, phosphorus (Ɋ 2 Ɉ 5 ) -55, potassium (Ʉ 2 Ɉ) -94, calcium (ɋɚɈ) -89 kg/ha [5, 6] , thus the fertilization for seed sowings of this crop, in particular, the application of new forms of micro-and water-soluble fertilizers and quick-acting calcium-containing fertilizers impacts the seed productivity of red clover considerably.
MATERIALS AND METHODS
The experiments were conducted in the experimental farm "Bohonytske" of the Institute of Feed Research and Agriculture of Podillia, NAAS, in the crop rotation of the department of seed development and innovation transfer in 2011-2013. Gray forest soil was used with the following indices: ɪɇ -4.8-5.2, hydrolytic acidity -2.73-3.04 mg-eq. per 100 g of soil, the sum of absorbed alkali 12-13 mg-eq. per 100 g of soil, in the arable layer of soil (0-20 cm) the content of humus was 1.91-2.40%, easily hydrolyzed nitrogen (N) by Kornfeld 7.5-10.0, mobile forms of phosphorus (Ɋ 2 Ɉ 5 ) by Chirikov and potassium (Ʉ 2 Ɉ) respectively 15-19, 10.3-12.5 mg per 100 g of soil.
The cover crop, protecting the sowing of red clover from weeds, winds, cold, and heat, was spring barley, Lofant variety, with the norm of sowing of 3 million seeds for germination per 1 ha. The norm of sowing red clover, Sparta variety, is 7 million seeds for germination per 1 ha of certi¿ ed seeds. The area of the registered area was 25 sq.m., the number of repeats -3 times.
Phosphorus-potassium fertilizers in the form of granulated superphosphate and potassium chloride and lime fertilizers in the form of ɋɚɋɈ 3 (defecate) and slaked lime -hydrated lime (ɋɚ(Ɉɇ) 2 ) on grey forest soils were introduced in autumn under the main tillage of soil according to the scheme of studies. Nitrogen fertilizers (ammonium nitrate) were introduced in spring under the cover crop.
Water-soluble fertilizer -plantafol -was introduced according to the scheme of experiment in the phase of shooting (1 kg/ha) and in the bud phase of red clover (1 kg/ha). By its composition plantafol contained N -5 %, Ɋ 2 Ɉ 5 -15 %, Ʉ 2 Ɉ -45 %, ȼ -0.02 %, Fe -0.01 %, Mn -0.05 %, Zn -0.05 %, Cu -0.05 %. Here copper, iron, magnesium, zinc in plantafol were chelates in the EDTA form (ethylenediaminotetraacetic acid). In addition, the experiments used molybdenum fertilizers ((CNH 4 ) 2 MoO 4 -acid ammonium molybdate) -0.3 kg/ha in spring at the beginning of regrowth of red clover and borium (ɇ 3 ȼɈ 4 -boric acid) -0.8 kg/ha at the shooting stage of the second cut of red clover for seeds. Except for variants under study in the experiment, agroequipment was common for these zonal conditions.
A structural analysis of yield was conducted prior to harvesting by determining the number of generative shoots and ripe heads per 1 sq.m. in six places of each variant. The mass of seeds in grams and their number were de¿ ned in 30 randomly selected heads of red clover. The number of seeds was calculated in 10 heads. In addition, the experiment determined the mass of 1,000 seeds, energy and germination of seeds, percentage of pollinated À owers in one head.
RESULTS OF INVESTIGATIONS
A relevant agrotechnical technique in farming seeds of red clover is liming acid soils. A high content of seeds may be obtained only on neutral and slightly acid soil. Red clover plants are most sensitive to acid reaction of soil at the initial stages of development during the sowing year. Acid soils have aluminum and magnesium in the amount of over 3 mg per 100 g of soil, which have a toxic effect on young shoots of plants. Their action is decreased by liming. Acid medium inhibits the activity of nodule bacteria, plants are poorly developed due to the disruption of nitrogen exchange in them. The introduction of lime fertilizers even prior to sowing red clover increased its seed productivity considerably [5, 6, 7] . Increased acidity of soil inhibits the improvement of seed performance, limits a positive action of other elements of cultivation technology. Liming acid soils improves the supply of phosphorus for plants, enhances winter-resistance, promotes better growth of vegetative organs, blossoming occurs better and with higher amount of viable pollen, which conditions the growth in seed yield [8, 9] .
Liming can decrease acidity from pH 5.0 to 6.2-6.5 and thus increase the yield of red clover, though here the latter is also sensitive to over-liming and high content of salts [10] .
According to the results of the studies red clover develops optimally at pH 6.0-6.5, accumulating about 300 kg/ha of nitrogen in soil, and forms the yield of seeds up to 0.5-0.6 t/ha in case of following the requirements of other technological operations. At pH 4.0-5.0 this crop can grow and develop, but it accumulates only 80-100 kg/ha of nitrogen and forms the yield of seeds of 0.15-0.20 t/ha [5] .
The results of studies, conducted in 2011-2013, demonstrated that the introduction of lime fertilizers in the form of ɋɚɋɈ 3 (defecate) and ɋɚ(Ɉɇ) 2 (slacked lime -hydrated lime) -0.5 of the rate by hydrolytic acidity prior to ploughing under the cover crop had a considerable impact on the yield of seeds of red clover, Sparta variety (Table) .
The yield of red clover seeds on the plots, where liming was conducted using quickly-acting soluble lime fertilizers in the form of ɋɚ(Ɉɇ) 2 in combination with the application of mineral fertilizers in the dose of N 30 P 60 K 60 under the cover crop (factor Ⱥ) on average for 2011-2013 was 291 kg/ha, which was 115 kg/ha more compared to the variant, where neither mineral nor lime fertilizers were introduced (control) and 63 kg/ha more compared to the plots with the introduction of mineral fertilizers only. After the introduction of calcium fertilizers in the form of ɋɚɋɈ 3 in combination with the application of mineral fertilizers in the dose of N 30 P 60 K 60 (factor Ⱥ) this index was considerably lower and amounted to 266; 90; 38 kg/ha respectively. It demonstrated high ef¿ ciency of quickly-acting lime fertilizers in the form of slacked lime (ɋɚ(Ɉɇ) 2 ) during the ¿ rst year after their application.
To obtain high stable yields of red clover seeds, the plants should be provided both with macro-and mi- [6] . Thus, on the second year of life for red clover the scheme of studies should include foliar application of water-soluble fertilizers (plantafol -1 kg/ha) and borium and molybdenum fertilizers (factor B).
When water-soluble fertilizers are introduced, plants receive nutrients via leaves. When introduced onto the plant, they are capable of causing considerable changes in the growth and development of plants. Water-soluble fertilizers get involved into the metabolism of substances, increase the level of vital activity, save water for plants, and activate microbiological processes. It is ef¿ cient to use water-soluble fertilizers with microfertilizers.
For instance, borium (B) enhances the intensity of photosynthesis, regulates pollination and settlement, improves carbohydrate and protein exchange, activates the activity of enzymes, has positive impact on the processes of cell division, enhances resistance to diseases. Also, borium improves synthesis and transfer of carbohydrates, especially sugars from the leaves to the organs of fruit-bearing and roots [6] .
Molybdenum (Mo) is an irreplaceable component of many enzymes. It participates in carbohydrate, nitrogen, and phosphorus exchange, synthesis of vitamins and chlorophyll, increases the intensity of photosynthesis, is included to the composition of enzymes of nitroreductase, which takes part in the oxidation of nitrates to ammonium in plants. An important part is attributed to molybdenum in the processes of nitrogen ¿ xation from the atmosphere by nodule and free bacteria [6] .
The application of water-soluble fertilizers at the shooting stage (1 kg/ha) ensured the yield of seeds of 193 kg/ha on average during the years of studies (2011-2013) when they were introduced in the bud phase, the yield of red clover seeds was somewhat higher and amounted to 210 kg/ha or 17 kg/ha more compared to the introduction in the shooting phase and 34 kg/ha more compared to the variant with no additional nutrition. The combination of additional introduction of microfertilizers (Mo, B) in the control (variant 5) promoted a considerable growth in the yield of seeds (on average by 50 kg/ha in 2011-2013.) The introduction of plantafol at the shooting stage for red clover (1 kg/ha) and its additional application in the bud phase (variant 7) promoted the growth of seed performance. The combination of introduction in these phases compared to the application at the stage of shooting or in the bud phase was more ef¿ cient and promoted the increase in the yield of red clover by 25 and 8 kg/ha respectively.
The introduction of water-soluble fertilizers during red clover vegetation at the background of applying mineral fertilizers (N 30 P 60 K 60 ) under the cover crop promoted further considerable growth in the seed performance of red clover. In particular, the application of plantafol (1 kg/ha) at the shooting stage at the background of N 30 P 60 K 60 increased the yield of seeds by 21 kg/ha. The application of molybdenum and borium fertilizers and their combination at this background promoted the increase in this index by 12, 19, 58 kg/ ha respectively. The introduction of plantafol (1 kg/ha) in the bud phase ensured the yield of red clover seeds at the level of 262 kg/ha (variant 13), which was 12 kg/ha more compared to its application at the shooting stage at the background of N 30 P 60 K 60 (variant 9). The combination of the introduction of water-soluble fertilizers at the shooting stage and in the bud phase at the background of mineral fertilizer did not promote a considerable growth of its seed performance (variant 14).
The application of water-soluble fertilizers at the background of introduction of mineral fertilizers (N 30 P 60 K 60 ) and liming with quickly-acting lime fertilizers (ɋɚ(Ɉɇ) 2 ) promoted further considerable growth of the yield of red clover seeds. In particular, the introduction of Plantafol in the dose of 1 kg/ha at the shooting stage at the abovementioned background (variant 16) ensured the yield of red clover seeds at the level of 307 kg/ha on average during 2011-2013. At this background the introduction of additional molybdenum (0.3 kg/ha) and borium (0.8 kg/ha) fertilizers and their combination promoted the formation of the yield of seeds respectively 316; 332; 351 kg/ha (variants 17, 18, 19) or respectively by 16; 25; 41; 60 kg/ha more compared to the variant without introduction of watersoluble fertilizers (variant 15).
The application of water-soluble fertilizers in the bud phase of red clover at the background of liming using slacked lime and mineral fertilizer N 30 P 60 K 60 was ef¿ -cient and ensured the formation of yield at the level of 322 kg/ha on average in 2011-2013 (variant 20), which was 15 kg/ha more compared to the application of plantafol at the shooting stage (variant 16).
Water-soluble fertilizers and microfertilizers, introduced at the background of mineral fertilizers and liming using calcium fertilizers in the form of ɋɚɋɈ 3 FORMATION OF SEED PRODUCTIVITY AND SOWING QUALITIES OF RED CLOVER SEED DEPENDING which are hard for plants to get during the ¿ rst years after the introduction or which are less ef¿ cient (variants 23-28) and ensured the formation of the yield of seeds in the investigated variants 283-320 kg/ha, which was 17-54 kg/ha more compared to the variant without additional nutrition (variant 22) and 8-10% less compared to the variants, where quickly-acting lime fertilizers were introduced (variants 15-21).
A similar phenomenon was observed in terms of seed quality. The highest germination of seeds (on average by variants) (94-95 %) was obtained in the variants with liming, whereas in the plots without fertilizers it was 91-92 % on average during the years of studies, while in the variant with the introduction of mineral fertilizers only it was 91-93 %. Liming also impacted the mass of 1,000 of seeds. The largest mass of 1,000 seeds (1.73 g) was noted in the variant with slacked lime in combination with mineral fertilizers (N 30 P 60 K 60 ), while in the variant where the main fertilization using lime and mineral fertilizers was not conducted it was 1.60 g. 
CONCLUSIONS
The introduction of quickly-acting lime fertilizers in the form of ɋɚ(Ɉɇ) 2 (hydrated lime -slacked lime) on gray forest soil at 0.5 of rate by hydrolytic acidity prior to ploughing under the cover crop in combination with the application of mineral fertilizers in the dose of N 30 P 60 K 60 ensured the yield of red clover seeds in conditions of 2011-2013 at the level of 291 kg/ha, which was 115 kg/ha more compared to the plots without fertilizers and 63 kg/ha more compared to the plots, where only mineral fertilizers were introduced. At the introduction of calcium fertilizers in the form of ɋɚɋɈ 3 (defecate) these indices were 9-12 % lower.
The application of mineral fertilizers (N 30 P 60 K 60 ) under the cover crop of red clover promoted the increase in the yield of seeds by 52 kg/ha or by 23 % compared to the plots, which were not fertilized.
The most effective combination is uniting the basic fertilization with mineral fertilizers (N 30 P 60 K 60 ) and lime fertilizers (ɋɚ(Ɉɇ) 2 ) at 0.5 of the rate by hydrolytic acidity applied under the cover crop using watersoluble fertilizer (plantafol -1.0 kg/ha) and boric fertilizers (H 3 BO 4 -0.8 kg/ha) at the shooting stage of the second cut of red clover and molybdenum fertilizers ((CNH 4 ) 2 MoO 4 -0.3 kg/ha) in spring at the beginning of regrowth of red clover, which ensured the yield of seeds at the level of 351 kg/ha or 50 % more compared to the plots without fertilizers with high sowing qualities of seeds (germination of 94-95 %, mass of 1,000 seeds -1.73 g). Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɤɨɧɸɲɢɧɚ ɥɭɱɧɚ, ɧɚɫɿɧɧɽɜɿ ɩɨɫɿɜɢ, ɭɪɨ-ɠɚɣ, ɜɚɩɧɹɤɨɜɿ, ɦɿɧɟɪɚɥɶɧɿ ɬɚ ɜɨɞɨɪɨɡɱɢɧɧɿ ɞɨɛɪɢɜɚ.
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